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Pb(oleate) 2 synthesis. This synthesis was adopted from the precursor synthesis for PbSe NCs as shown above. Now a 1:2.05 Pb:oleic acid ratio was used. This was dissolved in 1-octadecene and degassed at 120°C under vacuum for 24 hours. This mixture was cooled until white precipitations were formed. The mixture was filtered and the residue was redissolved in toluene while heating. This washing procedure was repeated six times.
FTIR measurements were performed with a Bruker Vertex 70. A special air tight liquid cell was used, purchased from International Crystal Laboratories, with a path length of 0.5 mm and two KBr crystals at the back and front side to make it transparent for IR light. Spectra where recorded from 400 cm -1 -7500 cm -1 , with a KBr beam splitter, a DLaTGS D301 detector, and a mid IR source. For all the measurements, tetrachloroethylene (TCE) was used as solvent.
HAADF-STEM measurements were performed using an aberration corrected FEI Titan microscope operating at 300 kV. Because the Z-contrast dominates these images, the projected atomic columns contain Pb atoms, whereas the Se atoms cannot be observed in the images. Next, the images are modelled by a combination of Gaussian functions that are located at the positions of the atomic columns. It is known that the volumes of these Gaussian peaks correspond to scattering cross-sections which can be used to estimate the number of atoms in each projected atomic column 2 . Based on the counting results, 3D starting configurations of the NCs can be obtained by positioning the columns on a face-centered cubic crystal lattice in a symmetric arrangement. Next, the potential energy is calculated using a Lennard-Jones potential and minimized using a Monte-Carlo based energy minimization scheme as proposed and applied in previous work 3, 4 . Using this method, a 3D configuration is obtained from 10 different NCs for each sample. These configurations are then used to obtain a final configuration using an averaging procedure. A schematic overview of this procedure is presented in supplementary Figure S10 . This Figure illustrates three different 3D configurations that are obtained using the atom counting and energy relaxation procedure. These three configurations are all rotated to the same orientation so that a comparison between the occupancies of the different configurations becomes straightforward. Because the size of all particles is comparable, no scaling of the individual configurations is required for a straightforward analysis. Next, an occupancy map is obtained for each atom position which indicates the ratio of the initial configurations in which this position was occupied by an atom. Next, the positions at which the occupancy was more than 50% are selected yielding the averaged occupation. As a result of this averaging procedure, many individual loose atoms are removed at the surface facets of the initial configurations. Consequently, the indexation of the surface facets becomes more straightforward.
1
H NMR measurements were performed using an Agilent MRF400 equipped with a OneNMR probe and Optima Tune system. Spectra were recorded according to the following parameters: 400 MHz, CDCl 3 25°C. PbSe NCs were measured via a slightly modified method 5, 6 . In short, a well-washed solution of a known PbSe NC concentration (measured via absorption) of an approximate concentration of approximately 4*10 -4 M was measured including 10 µL (0.05M) Ferrocene stock solution as internal standard. The concentration ligands s3 was determined relatively to the internal standard, by integration of the ferrocene peak (4.14 PPM) and the methyl peak (0.88 PPM), while normalizing for the amount of H atoms present (10:3). Using the size and concentration (absorption) we could determine the oleate density/nm 2 assuming a spherical shape.
Measurements of PbSe were performed using a longer relaxation delay (30 s) to allow complete relaxation. Wulff reconstructions use the surface energy of the different crystal facets to construct the equilibrium shape of a crystal. The following formula can be used:
Here l{hkl} is the length of the vector from the centre of the crystal to the {hkl} facet, pointing along the direction normal to the surface, γ{hkl} is the surface energy of the {hkl} facet.
The difficulty in using a Wulff reconstruction lies in the determination of the surface energy. Calculating the surface energy of bare crystal facets is done regularly (mostly with DFT) and results in a much higher surface energy for {111} compared to {100} crystal facet 7 . It is even shown that {111} crystal facets are unstable 7, 8 .
Calculating the Wulff ratio = {111}/{100} using reconstructed or non-polar {111} still results in high ratio. When taking the numbers from the paper of Fang et al.
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, the ratio becomes .ସଵଶ
.ଵ଼ସ ൌ 2.24 and therefore only cubic NCs occur, since the ratio is higher than √3 (see Figure S1 ). For ligand-free PbSe NCs a cubic structure is expected.
However, in reality ligands attach to the surface resulting in a considerable reduction of the energy of all facets, and changes in their respective ratio. The concomitant evolutions of shape have been deeply discussed by Zherebetskyy et al. 8 for PbS NCs. Such complex calculations were beyond the scope of our research. Figure S1 . A cubic PbSe NC with rock salt crystal structure displaying the mixed {100} facets.
The l{100} is the distance from atom A (center of the cube) to atom B, which is set to 1. The distance B to C is √2 and the distance A to C is therefore √3. In green the NCs exposed to O 2 are presented, and in red the unexposed NCs, normalized on the C-H asymmetric stretching vibrations at 2928 cm -1 . In Figure S5A a zoom is shown for the carboxylic region where a clear difference is visible between oxidised and un-oxidised NCs. The spectra show that oxidation changes the binding of COO -to Pb, which can be rationalized due to the etching of the surface whereby several reaction product can be formed 9 . There are however no changes observed at higher energy, see Figure S5B . It follows that Pb(OH) x is not formed as an oxidation product. Hence, the presence of Pb(OH) x reported prevously 10 is unlikely to be due to oxidation of the PbS NCs. The FTIR spectra of oleic acid (blue), Pb(oleate) 2 with oleic acid impurity (red) and Pb(oleate) 2 where the oleic acid impurity is subtracted (green). The green graph is used to calculate the peak positions and FWHM as reported in Table 1 of the main text.
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S7. Fitting procedure of the NMR spectra in order to determine the amount of bound and unbound Pb(oleate)2.
The black curve represents pure Pb(oleate) 2 . The red curve represents the results obtained with a well-washed
PbSe nanocrystal suspension (no free Pb(oleate) 2 . Both curves are for the same oleate concentration; the curves have been normalized using the methyl peak at 0.8 ppm (see Figure S8 ). All coloured graphs in Figure   3A are fitted with a combination of the red (only bound Pb(oleate) 2 ) and the black (only unbound Pb (oleate) 2 ) curve. In Figure S7 A and B two of those fits are shown. In A, a combination of 1.18 times the red curve and 0.15 times the black curve fit the best, while in B this increase to 1.5 times the red curve and 0.9 times the black curve. Note that we had to shift the black curve with 0.03 ppm in B to make a proper fit. This might be caused by changes in the dielectric of the medium. For each nanoparticle, an atom counting procedure is applied in order to estimate the number of atoms in each projected atomic column. Next, the atoms are positioned in a symmetric configuration and relaxed using an energy minimization scheme yielding a 3D structure for each nanoparticle. The colour of the atoms in the 3D visualization indicate the coordination number of each reconstructed atom, corresponding to a {111} (blue), {110} (green) and {100} (pink) configuration. The yellow atoms correspond to an irregular configuration. Graphical representation of the procedure that is applied to calculate an averaged 3D structure based on individual 3D configurations. First, the different initial configurations are rotated along the same orientation.
Next, an occupancy map is calculated where each atom position is represented by the number of initial configurations in which this atom position was occupied. The atom positions with occupancy larger than 50%
are kept in the final averaged configuration.
